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CONVERSION  TABLE 


Conversion  factors  for  U.S.  customary  to  metric  (SI)  units  of  measurement 


To  Convert  From 

To 

Multiply 

angstrom 

meters  (m) 

1.000  000  X  E-10 

atmosphere  (normal) 

kilo  pascal  (kPa) 

1.013  25  X  E+2 

bara 

kilo  pascal  (kPa) 

1.000  000  X  E+2 

barn 

meter^  (m^) 

1.000  000  X  E-28 

British  Thermal  unit 

joule  (J) 

1.054  350  X  E+3 

( thermochemical ) 

calorie  (thermochemical) 

joule  (J) 

4.184  000 

cal  (thermocemical) /cm^ 

mega  joule/m^  (MJ/m^) 

4.184  000  X  E-2 

curie 

giga  becquerel  (GBq) * 

3.700  000  X  E+1 

degree  (angle) 

radian  (rad) 

1.745  329  X  E-2 

degree  Fahrenheit 

degree  kelvin  (K) 

’'K=(t®f  +  459.67) /1. 8 

electron  volt 

joule  (J) 

1.602  19  X  E-19 

erg 

joule  (J) 

1.000  000  X  E-7 

erg/ second 

watt  (W) 

1.000  000  X  E-7 

foot 

meter  (m) 

3.048  000  X  E-1 

foot-pound- f or ce 

joule  (J) 

1.355  818 

gallon  (U.S.  liquid) 

meter^  (m^) 

3.785  412  X  E-3 

inch 

meter  (m) 

2.540  000  X  E-2 

jerk 

joule  (J) 

1.000  000  X  E+9 

joule /kilogram  (J/Kg) 

(radiation  dose 

Gray  (Gy) 

1.000  000 

absorbed) 

kilotons 

tera joules 

4.183 

kip  (1000  Ibf) 

newton  (N) 

4.448  222  X  E+3 

kip/inch^  (ksi) 

kilo  pascal  (kPa) 

6.894  757  X  E+3 

ktap 

newton- second/m^  (N-s/m^) 

1.000  000  X  E+2 

micron 

meter  (m) 

1.000  000  X  E-6 

mil 

meter  (m) 

2.540  000  X  E-5 

mile  (international) 

meter  (m) 

1.609  344  X  E+3 

ounce 

kilogram  (kg) 

2.834  952  X  E-2 

pound- force  (Ibf  avoirdupois) 

newton  (N) 

4.448  222 

pound-force  inch 

newt on -me ter  (N*m) 

1.129  848  X  E-1 

pound- for ce / inch 

newton/meter  (N/m) 

1.751  268  X  E+2 

pound-force/ foot^ 

kilo  pascal  (kPa) 

4.788  026  X  E-2 

pound-force/inch^  (psi) 

kilo  pascal  (kPa) 

6.894  757 

pound-mass  (Ibm  avoirdupois) 

kilogram  (kg) 

4.535  924  X  E-1 

pound-mass- foot ^  (moment  of 

kilogram-meter^  (kg®m^) 

4.214  011  X  E-2 

inertia) 

pound-mass/foot^ 

kilogram/meter^  (kg/m^) 

1.601  846  X  E+1 

rad  (radiation  dose  absorbed) 

Gray  (Gy)^^ 

1.000  000  X  E-2 

roentgen 

coulomb/kilogram  (C/kg) 

2.579  760  X  E-4 

shake 

second  (s) 

1.000  000  X  E-8 

slug 

kilogram  (kg) 

1.459  390  X  E+1 

torr  (mm  Hg,0°C) 

kilo  pascal  (kPa) 

1.333  22  X  E-1 

♦The  becquerel  (Bq)  is  the  SI  unit  of  radioactivity;  Bp  =  1  event/s. 
♦♦The  Gray  (Gy)  is  the  SI  unit  of  absorbed  radiation 
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SECTION  1 
INTRODUCTION 

Various  Silicon-On- Insulator  (SOI) ,  in  principle  SIMOX,  and 
thermal  oxide  materials  were  evaluated  for  their  oxide  (SOI: 
buried-oxide)  charge  trapping  properties  over  the  duration  of  the 
contract.  The  contractual  material  arrived  in  wafer  form,  often 
only  portions  of  a  whole  wafer.  Quick  turn-around  test 
structures,  the  dual  C-V  and  the  point  contact  transistor  (or 
2ptIV) ,  described  in  detail  later  in  this  report,  were  the 
benchmark  vehicles  for  material  characterization  throughout  this 
contractual  effort.  Two  major  finding  are  discussed  below.  The 
first  has  to  do  with  the  SIMOX  buried-oxide  charge  trapping 
response  versus  buried-oxide  thickness.  The  second  observation 
deals  with  a  unique  post  oxidation  treatment  to  the  finished 
SIMOX  wafer,  called  HITOX. 

Throughout  this  report  the  two  findings  will  be  discussed  in 
parallel .  The  work  performed  in  both  material  areas  complements 
each  other  in  a  better  understanding  of  the  charge  trapping 
response  on  the  SIMOX  buried-oxide. 

1.1  CHARGE  TRAPPING  VS.  BURIED-OXIDE  THICKNESS. 

As  device  geometries  are  scaled  to  smaller  dimensions  to  the  far 
submicron  regime,  the  film  thickness  of  silicon-on-insulator 
structures  will  need  to  be  reduced.  As  the  superficial  silicon 
is  being  reduced  in  thickness  from  300nm  to  50nm,  the 
buried-oxide  thickness  is  being  reduced  from  400nm  to  70nm.  Will 
the  radiation-sensitivity  of  the  thinner  SIMOX  buried-oxide  scale 
in  thickness  with  the  same  relationship  that  holds  for  thermal 
oxides? 

Thermal  oxides  have  a  known  square-law  thickness  dependence  [1] , 
but  due  to  large  variations  in  material  properties,  the  thickness 
dependence  for  SIMOX  structures  has  remained  undetermined.  In 
earlier  work,  which  was  limited  to  the  lower  interface  of 
standard  SIMOX  material  (300nm<BOX<450nm) ,  a  square-law  thickness 
dependence  was  observed  [2] .  With  the  availability  of  improved 
material,  and  new  diagnostic  techniques  (spectroscopic 
ellipsometry  and  quick -turn- around  test  structures) ,  the 
relationship  can  now  be  determined  for  the  top  interface  and 
extended  to  BOX  thicknesses  below  lOOnm.  The  work  in  this  report 
will  cover  BOX  thicknesses  from  68nm  to  401nm. 

The  importance  of  monitoring  the  charge  trapping  response  of  the 
BOX  top  interface  is  that  it  is  this  interface  that  controls  the 
back- channel  transistor  threshold.  In  fully-depleted  SOI 
structures  the  front-channel  transistor  is  electrically  coupled 
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to  the  back-channel  transistor.  The  electrical  performance  of 
SOI  CMOS  circuity  can  be  severely  limited  by  the  degradation  of 
the  back-channel  transistor  threshold  [3]  . 

One  of  the  purposes  of  this  report  is  to  enhance  the  knowledge  of 
the  radiation  induced  voltage  shift  of  BOX  material  as  a  function 
of  BOX  thickness.  This  thickness  relationship  is  needed  for 
design  and  testing  considerations  for  SOI  technology  as  scaling 
in  thickness  occurs.  The  understanding  of  radiation  induced 
voltage  shifts  as  BOX  thickness  scales  downward  is  important  for 
properly  designing  and  interpreting  device  measurements.  Device 
designers  need  these  results  to  aid  in  predicting  device 
response,  and  assist  in  selecting  approaches  for  radiation 
hardening  of  BOX  material . 

1.2  POST  HIGH-TEMPERATURE  OXYGEN  TREATMENT  OF  SIMOX. 

As  mentioned  above,  additional  work  was  performed  on  an  unique 
post  high  temperature  oxidation  treatment  to  the  finished  SIMOX 
wafer.  Several  advances  in  SIMOX  substrate  fabrication  are  now 
making  possible  the  use  of  the  SIMOX  technology  for  mainstream 
microelectronics  applications  [4] .  This  has  generated  an 
increased  interest  for  further  quality  improvement  of  the  silicon 
film/buried  oxide.  An  approach  taken  recently  is  a  high 
temperature  oxidation  of  the  finished  SIMOX  wafer  [5,6],  which 
was  found  to  increase  the  buried  oxide  thickness  in  addition  to 
oxidizing  the  top  silicon  film  surface.  Cross-sectional 
transmission  electron  microscopy  (XTEM)  photomicrographs 
indicated  this  high  temperature  oxidation  (HITOX)  process  reduced 
the  roughness  and  improved  the  morphology  of  the  interface 
between  the  silicon  film  and  the  buried  oxide  [7] . 

This  HITOX/BOX  structure  was  considered  to  have  improved  material 
characteristics;  however,  the  electrical  properties,  and  in 
particular  the  charge  trapping  characteristics,  were  not 
evaluated.  In  addition  to  the  aforementioned  effort  dealing  with 
charge  trapping  versus  BOX  thickness,  this  report  will  also 
evaluate  the  electron  trapping  behavior  of  HITOX  material  versus 
standard  SIMOX  obtained  from  two  separate  sources.  The  sources 
will  be  referred  to  as  vendor  A  and  vendor  B.  It  should  be  noted, 
it  was  not  the  purpose  of  this  endeavor  to  compare  vendor  A  to 
vendor  B,  but  only  to  have  two  different  sources  of  material  for 
evaluation  of  a  given  research  and  development  technology. 
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2.1  MATERIAL  PREPARATION. 


SECTION  2 
EXPERIMENTAL 


The  SIMOX  wafers  arrived  fully  processed  with  respect  to  the 
SIMOX  buried  oxide  and  it's  high  temperature  anneal.  Any 
additional  contractual  processing  adjustments  made  to  the  buried 
oxide  for  charge  trapping  modification  would  be  classified  and 
are  not  mention  in  this  report.  Below  are  briefly  described  the 
two  main  material  categories,  the  SIMOX  material  and  the 
HITOX/SIMOX  material. 

2.1.1  Formation  of  SIMOX  Buried-Oxide . 

The  SIMOX  samples  used  in  this  report  were  obtained  from  a 
variety  of  different  vendors.  The  high-energy  (120keV  to  200keV) 
oxygen  implantation  dose  (single  and  multiple)  used  to  form  the 
BOX  ranged  from  0.4x10^®  0*/cm^  to  1.8x10^®  0*/cm^.  In  all  cases  a 
post  implantation  anneal  was  performed  for  a  standard  anneal  time 
[4]  . 

2.1.2  The  Post  High-Temperature  Oxygen  Treatment. 

In  approaching  the  characterization  of  the  HITOX  technology,  a 
SIMOX  control  was  selected  for  comparison.  The  samples  were 
processed  in  a  similar  fashion  as  those  in  previous  publications 
[2,4]  .  The  SIMOX  wafers  were  formed  by  a  standard  process  [5,7]  . 
The  resulting  thicknesses  of  the  buried  oxides  were  97. 5nm  for 
vendor  A,  and  103nm  for  vendor  B.  This  thickness  range  is 
considered  thin  for  SOI  material  and  is  currently  gaining 
importance  [8] .  Following  the  formation  and  anneal  of  the  BOX 
(the  finished  SIMOX  wafer) ,  the  HITOX  process  is  performed.  From 
spectroscopic  ellipsometry  measurements,  it  was  found  [9]  that 
the  HITOX  process  increased  the  BOX  thickness  by  25nm  for  vendor 
A  and  5nm  for  vendor  B. 

2.2  DEVICE  FABRICATION. 

The  material  evaluated  throughout  this  report  arrived  in  whole  or 
portion  of  wafer  form.  The  SIMOX  wafers  were  finished  SIMOX 
wafers  (BOX  formed,  and  high- temperature  anneal  performed) . 

Using  our  simple  processing  procedures,  quick  turn  around  test 
structures  were  fabricated.  Listed  below  are  three  of  the 
principle  test  structures  fabricated  for  material  evaluation. 

2.2.1  Dual  C-V  Structure. 

The  dual  capacitance -voltage  C-V  device  was  a  fundamental 
structure  used  throughout  this  work.  The  first  device 
fabrication  step  was  to  deposit  aluminum  dots  onto  the  SIMOX  top 
silicon  film.  These  aluminum  gates  were  than  used  as  a  mask  for 
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a  hydrazine  etch  which  removed  the  surrounding  top  silicon  film 
down  to  the  buried  oxide.  The  finished  structure  was  an  aluminum 
gate  on  top  of  a  silicon  island,  which  resided  on  top  of  the 
buried  oxide  and  silicon  substrate.  Figure  2-1  a)  shows  the 
Al/Si/SiOj/Si  structure,  or  the  dual  C-V  device. 

2.2.2  Point-Contact  Transistor. 

The  point  contact  transistor  (or  2ptIV,  for  two  point  current 
voltage)  was  also  a  fundamental  structure  used  throughout  this 
work.  The  fabrication  of  the  point  contact  transistor  was 
similar  to  the  above  dual  C-V  structure.  First  the  SIMOX  wafer 
had  aluminum  dots  deposited  on  the  top  silicon  film.  These 
aluminum  gates  were  than  used  as  a  mask  for  a  hydrazine  etch 
which  removed  the  surrounding  top  silicon  film  down  to  the  buried 
oxide.  (At  this  point,  the  structure  is  identical  to  the  above 
capacitance  C-V  dot.)  Next,  the  aluminum  gate  was  removed.  The 
remaining  structure  was  an  isolated  silicon  island.  The  height 
of  the  silicon  island  depended  on  the  arriving  top  silicon  film 


gate 


a)  Dual  C-V  b)  Point-contact  transistor 


Figure  2-1.  Simple  diagram  of  the  SIMOX  a)  dual  C-V  structure, 
and  b)  the  point -contact  transistor. 
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thickness.  This  isolated  silicon  island  was  the  finished 
structure.  Two  probes  were  placed  upon  the  top  silicon 
(approximately  5mil  apart)  acting  as  source  and  drain,  and  the 
wafer  substrate  acted  as  the  gate.  With  the  buried  oxide  acting 
as  the  gate  oxide,  the  device  response  was  that  of  a  MOSFET 
transistor  from  weak-midgap  to  strong  inversion  for  both  carrier 
types.  Figure  2-1  b)  shows  the  finished  point  contact 
transistor. 

2.2.3  Photo  I -V  Structure . 

Fabrication  of  the  photo  I-V  structure  requires  the  removal  of 
the  top  silicon  film  [10,11].  With  the  BOX  exposed,  large  but 
thin  aluminum  gates  were  deposited.  The  aluminum  gate  allows  the 
structure  to  perform  as  a  capacitor  (the  largest  of  the  gate  is 
need  for  measurable  electron  injection  current  levels) ,  and  the 
thin  aluminum  gate  allows  the  5ev  mercury  light  to  pass  through. 
The  finished  photo  I-V  structure  is  shown  in  Figure  2-2.  . 


5  eV  light 


thin  A1  gate 


ammeter 
I  voltage  source 

Top  interface 
Bottom  interface 


Figure  2-2.  The  SIMOX  photo  I-V  structure  used  for  photo¬ 
injection. 
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2.3  EQUIPMENT. 

The  equipment  used  throughout  this  effort  was  all  part  of  an 
advanced  computer  controlled  semiconductor  parameter  analysis 
system.  Each  measurement  capability  was  automated  by  computer 
code  for  controlled  data  collection.  Listed  below  are 
descriptions  of  select  sub-systems  that  were  used  to  characterize 
delivered  material  throughout  the  reported  period. 

2.3.1  Capacitance  and  Current  Measurement  Equipment. 

The  computer  automated  data  acquisition  of  capacitance  and 
current  versus  voltage  data  routines  were  controlled  by  a  Hewlett 
Packard  (HP)  model  9000  series  300  computer.  The  capacitance  vs 
voltage  data  was  collected  by  any  of  the  following;  a  HP  4280A 
IMhz  C  meter,  HP  4274A  or  HP  4275A  multi-frequency  LCR  meter. 

The  current  vs  voltage  data  was  collected  by  any  of  the 
following;  a  Keithley  617  ammeter,  a  HP  4140B  pico-ammeter,  or  a 
HP  4145A  semiconductor  parameter  analyzer. 

2.3.2  X-Ray  Source. 

To  generate  electron/hole  pairs  in  the  buried  oxide,  thus 
creating  oxide  trapped  charge,  our  samples  were  exposed  to  10  KeV 

X-rays  from  an  ARACOR  4100  X-ray  source.  The  dose  rate  was 
variable,  but  the  standard  dose  rate  was  ISOOrad (SiOj) /sec .  The 
samples  were  exposed  in  a  total  dose  fashion  to  total  doses  as 
high  as  10Mrad(SiO2)  .  The  standard  dose  was  lMrad(Si02)  .  All 
sample  biasing,  irradiations,  and  measurements  were  done  by 
probecards  at  room  temperature . 

2.3.3  photo- Inject ion  Equipment. 

The  photo- inject ion  system  is  more  complex  than  the  other 
mentioned  data  acquisition  systems.  The  light  source,  which 
yields  the  needed  energy  for  electron  injection,  must  be  shutter 
controlled.  With  the  lamp  on  and  shutter  open  the  electron 
injection  current  must  be  monitored,  then  intermittently  the 
shutter  must  be  closed  to  allow  for  capacitance  monitoring.  The 
controlling  computer  is  the  above  mentioned  HP  system.  The 
capacitance  and  current  meters  are  also  the  same  as  mentioned 
above.  The  light  source  was  an  Oriel  500  watt  mercury  lamp 
powered  by  a  Oriel  68810  arc  lamp  power  supply. 

2.4  METHODS  OF  INVESTIGATION. 

A  variety  of  techniques  were  used  to  characterize  the  charge 
trapping  of  the  buried  oxide.  Listed  below  are  three  principle 
techniques  used.  Each  section  briefly  describes  a  technique,  and 
the  expected  results  obtained  by  using  the  technique. 
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2.4.1  Capacitance -Voltage  Method. 

The  capacitance  versus  voltage  technique  is  a  standard  for 
monitoring  trapped  charge  in  the  oxide  [12] .  Since  the  SIMOX 
buried  oxide  is  known  the  exhibit  bulk  oxide  trapping  [13] ,  the 
dual  C-V  structure  is  ideal  for  top  and  bottom  voltage  shift 
parameter  extraction.  The  ratio  of  the  voltage  shifts  also 
yields  a  charge  centroid  [12]  . 

The  SIMOX  wafer  lends  itself  naturally  for  the  dual  C-V 
structure.  The  problems  arise  in  data  extraction  though.  Often 
the  top  interface  is  difficult  to  identify,  due  to  doping 
differences  between  top  silicon  film  and  bottom  silicon 
substrate.  The  bulk  of  the  work  presented  here  is  done  n-type 
top  silicon  and  p-type  silicon  substrates.  The  bottom  C-V  curve 
is  clear  and  data  extraction  is  excellent.  The  top  C-V  curve  is 
often  a  bit  more  evasive,  but  with  good  correlation  between  the 
top  C-V  shift  and  that  of  the  point -contact  transistor  confidence 
in  the  top  C-V  shift  is  obtained.  In  general,  only  a  AV„g  is 
monitored  for  the  top  and  bottom  interface.  Additional 
information  is  not  necessary  for  material  characterization  at 
these  stages  of  investigation. 

2.4.2  Current -Voltage  Method. 

The  principle  technique  used  to  characterize  the  material 
provided  was  the  two-point -current -voltage  (2ptIV)  technique 
(sometimes  referred  to  as:  point  contract  or  quick -turn -around 
structure  (QTA) ) .  When  introduced,  this  new  measurement 
technique  demonstrated  a  fast  turn-around  testing  capability  for 
the  top  interface  of  SIMOX  material  [14,15].  Later  the 
current -voltage  data  was  shown  to  be  consistent  to  that  of  a 
finished  transistor  [16] .  The  2ptIV  technique  was  used 
throughout  this  effort,  and  the  test  structure  is  shown  in  Figure 
2-1  b) . 

Typical  2ptIV  and  dual  C-V  (n-type  top  Si,  and  p-type  bottom  Si) 
characteristics  before  and  after  radiation  are  shown  in  Figure  2- 
3.  The  BOX  structure  used  in  Figure  2-3  is  a  typical  medium  BOX 
thickness  structure  (TBox=164nm)  .  Note  that  both  the  2ptIV  and 
the  dual  C-V  structure  yield  the  same  top  interface  voltage  shift 
information.  This  is  a  key  correlation  to  support  the  use  of  the 
2ptIV  technique  throughout  the  effort. 

Additional  validity  of  the  2ptIV  technique  can  be  shown  by 
comparing  C-V  and  2ptIV  charge  trapping  results  for  the  a  variety 
of  samples.  Figure  2-4,  shows  this  comparison  for  ground  bias  as 
well  as  for  biased  data.  The  two  techniques  yield  the  same 
voltage  shift  information.  Thus,  for  charge  trapping  information 
on  the  top  interface,  the  2ptIV  technique  has  been  used  in  this 
effort  for  material  evaluation. 
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Figure  2-3.  Sample  results  after  IMrad  (Si02)  with  Vbq:+5x10^ 
V/cm,  a)  2ptIV  results,  and  b)  dual  C-V  results. 


2.4.3  Photo- Inject ion  Method. 

Electron  trapping  in  the  BOX  was  investigated  with  the  use  of  the 
photo  injection  technique.  The  photo-injection  structures,  as 
mentioned  earlier,  were  fabricated  by  removing  the  top  silicon 
layer,  and  depositing  a  thin  (20nm)  aluminum  gate.  The  structure 
represents  a  capacitor  with  a  thin  gate,  the  thinness  of  the  gate 
allows  the  mercury  light  to  pass  through.  A  Oriel  500  watt 
mercury  lamp  supplies  the  energy  for  electron  injection  into  the 
oxide,  and  is  filtered  to  prevent  hole  injection  (Oriel  filter 
59418) .  For  the  work  presented  in  this  report,  a  constant 
electron  injection  current  density  of  1x10'’  A/cm^  was  maintained 
for  approximately  42  hrs  by  varying  the  negative  applied  gate 
voltage,  causing  electron  injection  from  the  aluminum  gate.  The 
applied  field  remained  under  0.5  MV/cm. 

The  electron  trapping  behavior  within  the  BOX  was  evaluated  by 
capacitance  and  photo-current  measurement  techniques.  The  midgap 
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Figure  2-4.  A  comparison  of  top  interface  voltage  shifts  for 
the  C-V  and  the  2ptIV  techniques. 

capacitance  of  the  capacitor  is  monitored  as  a  function  of 
electron  injection  (a  AV^g  vs  injection- time  is  recorded) .  From 
this  data  an  electron  capture  cross  section  can  be  determined 
[7]  .  Finally,  from  the  photo- inject ion  I-V  curve,  the  total 
number  of  occupied  electron  trap  and  a  charge  centroid  can  be 
determined  [12] . 
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SECTION  3 

EXPERIMENTAL  RESULTS 


3.1  CHARGE  TRAPPING  IN  BURIED-OXIDES . 

For  SOI  circuits  in  space  bound  systems,  fringing  fields  in  the 
BOX  are  of  extreme  importance  for  BOX  charge  control .  Charge 
buildup  within  the  BOX  effects  the  threshold  voltage  of  the 
back-channel  transistor.  The  pass-gate  bias  condition,  where 
both  the  source  and  drain  are  in  the  "high"  bias  condition 
(Vdd=high  (+5v) )  is  considered  the  worst  case  bias  condition  for 
total  dose  testing.  It  is  the  fringing  fields  due  to  this  bias 
condition  that  wrap-around  and  are  tenninated  at  the  back-channel 
interface  that  cause  the  greatest  device  degradation.  These 
fringing  fields  cause  radiation- induced  positive  charge  to  drift 
to  the  back- channel  interface,  where  it  is  then  trapped.  Here 
the  positive  trapped  charge  lowers  the  back-channel  threshold  of 
N-channel  transistors,  which  in  turn  affects  the 
front -gate-channel  FET  operation.  Controlling,  as  well  as 
predicting,  the  charge  trapping  behavior  of  the  BOX  is  of  extreme 
importance  to  ensure  proper  operation  in  a  radiation  environment . 

Modeling  work  by  Smith  found  that  the  SOI  fringing  field  in  the 
BOX  oxide  for  Vdd  "  high"  was  an  electric  field  of  5x10^  V/cm  [6]  . 
Our  BOX  testing  has  focused  on  this  fringing  field  effect  within 
the  BOX.  The  test  structures  have  been  evaluated  with  a 
substrate  bias  of  5x10^  V/cm  to  simulate  the  fringing  field  BOX 
effect . 

3.1.1  Charge  Trapping  vs.  Electric  Field. 

The  polarity  and  magnitude  of  the  applied  electric  field  across 
an  oxide  under  the  influence  of  ionizing  irradiation  will  effect 
the  charge  trapping  results  [17,18] .  For  our  dataset  of  SIMOX 
wafers  the  effects  are  of  importance  since  the  buried  oxide 
differs  so  from  that  of  a  thermal  oxide  [19] .  The  effect  of 
electric  field  on  BOX  charge  trapping  for  a  sample  in  our  SIMOX 
dataset  is  shown  in  Figure  3-1.  The  AVt  voltage  shifts  are  from 
point  contact  transistor  results  (the  top  interface)  on  a  thick 
BOX  structure  (Tbox=‘^00  •  •  The  influence  of  the  applied 

electric  field  during  irradiation  on  BOX  charge  trapping  begins 
at  1x10^  V/cm  and  is  very  strong  by  1x10®  V/cm.  These  fields  are 
in  reference  to  the  substrate  (positive  bias  to  substrate) .  The 
work  presented  throughout  this  report  on  voltage  shifts  versus 
BOX  thickness  will  cover  biases  from  -5x10®  V/cm  to  5x10®  V/cm. 
Again,  the  emphasis  of  this  effort  was  Vbg:+5x10^  V/cm,  simulating 
typical  device  application  BOX  electric  fields. 
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Figure 


Electric  Field  Applied  to  Substrate  (V/cm) 


3-1.  Voltage  shift  versus  applied  electric  field  for  a 
dose  of  IMrad  (SiO,)  . 


3.1.2  Charge  Trapping  vs .  Buried-Oxide  Thickness . 

In  efforts  to  compare  a  variety  of  SIMOX  buried  oxide 
technologies  we  have  gathered  a  large  database  of  BOX  charge 
trapping  results  for  V^q:  +5x10^  V/cm  at  lMrad(Si02)  . 

Figure  3-2  shows  a  plot  of  point -contact  (top  interface)  voltage 
shifts  for  various  BOX  thicknesses.  The  entire  dataset  is  shown 
in  Figure  3-2. 


BOX  Thickness  (nm) 


Figure  3-2.  Voltage  shift  versus  BOX  thickness  for  VBG:+5xlO^ 
V/cm  at  IMrad  (SiOj)  ,  (all  data  included) . 


A  primary  research  goal  would  be  to  extract  a  relationship  from 
Figure  3-2,  (graphical  at  the  minimum)  that  would  allow  the 
prediction  of  the  radiation  response  of  SIMOX  structures.  A 


first  attempt  would  be  to  represented  the  dataset  by  a  line  with 
unity  slope,  (as  shown  in  Figure  3-2) .  Although,  scatter  in  the 
data  causes  some  uncertainty,  and  knowing  that  SIMOX  radiation 
results  vary  greatly  with  processing,  the  graph  basically  raises 
more  questions  than  it  answers.  Later  in  this  report  these 
questions  and  research  approaches  will  be  addressed. 

3.1.3  Charge  Trapping  vs .  Density  of  Buried-Oxide . 

For  help  in  interpreting  Figure  3-2,  we  revisited  the  work 
published  by  Mrstik  [20] .  This  work  compared  radiation  charge 
trapping  for  SIMOX  BOX  oxides  versus  an  optically  determined  BOX 
density  (spectroscopic  ellipsometry  (SE) .  The  results  were  found 
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Figure  3-3.  Voltage  shift  versus  BOX  density  for  thermal  oxide 
and  various  SIMOX  structures  (reprint  from:  B.J. 
Mrstik  [20] )  . 
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useful  in  analyzing  our  dataset.  For  clarity,  Figure  3-3  is  an 
annotated  graph  from  the  Mrstik  publication  showing  the  strong 
charge  trapping  variation  versus  a  BOX  density  parameter. 

All  the  samples  evaluated  throughout  this  report  were 
characterized  by  the  spectroscopic  ellipsometry  technique  [9] . 

The  optically  determined  density  did  vary  among  our  sample 
dataset  and  material  suppliers.  The  SE  technique  was  also 
considered  very  accurate  in  determining  the  BOX  thickness.  It 
should  be  noted,  this  contractual  effort  relied  largely  on 
transistor  AV^  BOX  shifts  for  evaluating  the  charge  trapping 
response  of  the  buried  oxide  (which  is  fine,  and  necessary) , 
but  the  value  of  the  SE  results  should  be  underscored. 

3.2  ELECTRON  TRAPPING  IN  BURIED  OXIDES. 

The  use  of  ionizing  irradiation  (X-rays)  to  generate 
electron/hole  pairs  within  the  SIMOX  buried  oxide  usually  results 
in  a  net  trapped  positive  charge.  To  investigate  the  influence 
of  only  electron  trapping  on  the  charge  trapping  behavior  of  the 
BOX,  the  technique  of  photo- injection  was  implemented.  Here  only 
electrons  are  injected  into  and  trapped  within  the  oxide.  The 
BOX  can  now  be  evaluated  as  to  solely  electron  trapping  behavior. 
The  results  below  compare  the  electron  trapping  results  of  a 
standard  SIMOX  to  a  recent  post-oxygen  treatment  applied  to 
SIMOX. 

As  mentioned  earlier,  during  the  photo- injection  process  the 
midgap  capacitance  is  monitored  to  evaluate  the  electron  trapping 
of  the  BOX.  With  the  5ev  mercury  light  on,  and  using  a  computer 
to  continually  adjusting  the  applied  gate  voltage  to  maintain  a 
constant  injection  current  level,  the  electron  injection  process 
proceeds.  The  computer  records  a  capacitance  AV^  as  a  function 
of  injection  time  (or  fluence) .  Note,  this  capacitance 
information  is  from  the  lower  (bottom)  interface,  and  the  motion 
of  this  AV„g  will  saturate  in  time.  The  magnitude  and  shape  of 
this  AV^  vs  fluence  curve  is  the  key  information  extracted  for 
the  photo-injection  technique. 

Figure  3-4  shows  the  photo- injection  results  for  both  HITOX 
material  sources  with  their  respective  control  SIMOX  structures . 
The  y-axis,  the  midgap  (AV„-)  voltage  shift,  has  been 
converted  into  a  -charge/area  (electron  trapping)  to  normalize 
out  any  thickness  dependencies,  and  the  x-axis,  time  of  electron 
injection,  has  been  converted  into  a  number  of  injected  electrons 
per  area  (Ni„j  cm‘^,  a  fluence)  .  Both  vendors'  HITOX  structures 
show  more  electron  trapping  per  area  than  their  respective 
control  SIMOX  structure,  indicating  that  the  HITOX  process 
increases  the  electron  trapping  response  for  both  vendors 
baseline  technology.  Figure  3-5  (a,b)  shows  the  pre  and  post  C-V 
curves,  post  referring  to  the  end  of  the  entire  electron 
injection  sequence.  The  post  C-V  curves  show  no  stretch-out,  and 
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therefore  interface  states,  or  lateral  non -uniformity  effects, 
can  not  account  for  the  HITOX  increase  in  electron  trapping. 
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Figure  3-4.  The  photo-injection  results  for  standard  SIMOX  and 
HITOX  for  two  separate  vendors.  The  HITOX  indicates 
more  electron  trapping  than  the  standard  SIMOX 
material . 


SECTION  4 

DISCUSSION  AND  ANALYSIS 

4.1  LACK  OF  SQUARE -DEPENDENCE  IN  THICKNESS  RELATIONSHIP. 

By  considering  the  results  of  the  Mrstik  et  al.  work  on  charge 
trapping  vs.  density  of  the  BOX  on  similar  SIMOX  material,  our 
dataset  in  Figure  3-2  has  been  re-evaluated.  We  selected  only 
those  samples  from  our  dataset  which  had  a  density  close  to  that 
of  a  thermal  oxide.  The  assumption  being  that  BOX  with  densities 
close  to  thermal  oxide  would  behave  like  thermal  oxide.  This  was 
supported  by  the  wide  variation  in  radiation  induced  voltage 
shifts  observed  for  similar  thickness  samples  but  varying  in  BOX 
density.  For  instance,  at  a  given  BOX  thickness,  such  as  430nm, 
the  radiation  induced  shift  was  observed  to  vary,  depending  on 
BOX  density,  from  40  to  85  volts.  Using  the  spectroscopic 
ellipsometry  (SE)  technique,  we  selected  only  those  samples  which 
had  a  low  density  (near  to  a  thermal  oxide,  less  than  4%  Greater 
than  Fused  Silica  (GFS) ,  (density<4%GFS) . 

By  selecting  a  narrow  range  of  densities  (density<4%GFS)  our 
dataset  from  Figure  3-2  has  been  re-evaluated.  Figure  4-1  shows 
the  voltage  shift  versus  BOX  thickness  for  these  samples  with 
near  thermal  oxide  density.  Note  the  inflection  point  in  Figure 
4-1,  which  begins  at  about  180nm  (the  inflection  point  refers  to 
the  region  of  data  with  slope=0.7,  the  non- square -law  portion). 
When  an  oxide  is  exposed  to  ionizing  irradiation,  there  are  known 
processes  that  take  place;  namely,  the  motion  of  radiation 
induced  electron/hole  pairs  under  the  influence  of  an  applied 
electric  field,  and  secondly  recombination  within  the  oxide.  The 
two  processes  are  in  competition  with  each  other.  It  is  known 
that  in  high  density  SIMOX  the  radiation  induced  holes  are  not 
mobile  [20,21],  in  low  density  SIMOX  the  holes  are  mobile 
[20,13,22]  .  The  value  of  mobility  of  the  radiation  induced  holes 
in  low  density  SIMOX  is  unknown,  and  beyond  the  scope  of  this 
work.  Nevertheless,  the  mobility  of  these  holes  play  an 
important  role  in  the  observed  electrical  voltage  shift  at  the 
top  interface  of  the  BOX.  More  will  be  mentioned  later  on  the 
role  and  influence  of  these  radiation  induced  holes  on  the 
observed  inflection  point . 

4.1.1  Location  of  Charge  Centroid. 

To  better  understand  the  observed  inflection  point  for  the 
Vbq:+5x10^  V/cm  data,  a  few  selected  dual  C-V  structures  were  also 
irradiated  (a  thin=80nm,  medium=164nm,  and  thick=350nm) .  The 
dual  C-V  structure  yields  voltage  shift  information  for  both  top 
and  bottom  BOX  interfaces .  From  these  dual  C-V  structures  a 
charge  centroid  was  extracted,  using  the  following  equation 
[12,23]  : 


X  =  Tbox  *  (  l-AVtop/AVj,„t  )■"  • 
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Figure  4-1.  Replot  of  Figure  3-2  with  using 
limitation. 


a  density 


Pxgure  4-2  shows  the  centroid  data  in  a  bar  chart  format.  The 
key  observation  from  the  centroid  measurements  is  that  the 
centroid  location  has  a  thickness  dependence.  All  three 
thicknesses  appear  to  trap  the  same  level  of  charge,  4x10’’  C/cm^, 
at  lMrad(Si02)  .  The  key  difference  is  the  location  of  the 
Q0j^^roid.  Namely,  the  thin  BOX  sample  has  its  centroid  at  34nm; 
whereas,  the  thick  has  its  centroid  at  76nm.  The  location  of  the 
BOX  centroid  vs.  thickness  must  be  a  material  property,  since  we 
still  observe  a  similar  phenomena  at  saturation  (shown  later  in 
this  report) .  The  observation  that  all  three  thicknesses  have 
approximately  the  same  trapped  oxide  charge  is  probably  related 
to  hole  mobility  and  trap  concentration  limitations.  Since  the 
holes  in  the  thick  BOX  relative  to  the  thin  BOX  have  to  move 
farther  to  reach  their  centroid  location  (almost  a  factor  of  six 
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Figu".  +  4-2.  The  centroid  magnitude  and  location  for  three 
difference  thicknesses .  The  radiation  was  done  for 
Vb(3:+5x10^  V/cm  at  IMrad  (SiOj)  . 


in  distance) . 

Now  returning  to  Figure  4-1,  what  if  a  simple  geometric 
correction  is  made  to  the  centroid  locations  for  the  medium  and 
thin  BOX  structures?  Basically,  if  the  thin  BOX  centroid  is 
moved  from  34nm  to  76nm,  where  it  is  for  the  thickest  sample,  the 
interface  should  sense  approximately  half  the  trapped  charge. 
Using  this  argument,  the  medium  and  thin  BOX  have  been  adjusted. 
The  result  is  shown  in  Figure  4-3. 

This  geometric  correction  reestablishes  the  square-law 
dependence.  Thus,  the  observed  inflection  point  can  be  explained 
by  the  location  of  the  charge  centroid  for  the  medium  to  thin 
non- saturated  BOX  structures. 
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Figure  4-3.  A  re-plot  of  the  Vbs:+5x10^  V/cm  data  using  a  simple 
geometric  correction  for  the  medium  and  thin  BOX 
centroid. 


4.1.2  Motion  of  Radiation- Induced  Holes . 

To  better  understand  the  above  observed  BOX  charge  trapping 
phenomena,  a  more  detailed  knowledge  of  the  total  dose  charge 
trapping  response  was  needed.  Figure  4-4  shows  the  total  dose 
response  for  a  BOX=350nm  with  low  density  and  an  applied  fringing 
field  of  Vbg:+5x10^  V/cm. 

Note  that  the  lMrad(Si02)  location  appears  to  be  in  the  middle  of 
the  total  dose  curve.  This  location  indicates  a  non- saturation 
condition  within  the  BOX.  The  term  non -saturation  implies  that 
the  given  process  has  not  come  to  completion.  The  two  processes 
involved  here  are;  the  radiation  induced  hole  drift  under  the 
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Figure  4-5.  Voltage  shift  plot  versus  total  dose  for  VBgr+SxlO® 
V/cm. 


The  voltage  shift  versus  BOX  thickness  data  for  Vggi+BxlO®  V/cm 
under  a  BOX- saturation  condition  is  shovm  in  Figure  4-6.  The 
square-law  dependence  fits  well.  However  the  data  in  Figure  4-6 
is  related  to  an  unrealistic  device  operating  condition.  The 
results  from  Figure  4-6  would  be  misleading  to  the  applied 
"real-world"  device  designers.  Namely,  SOI  components  do  not 
normally  have  such  high  fringing  fields  in  the  BOX  region,  and 
more  importantly  satellite  systems  are  concerned  with  lower 
(non -saturation)  level  doses.  The  present  emphasis  is  for 
components  that  can  tolerate  low  field  and  low  dose  conditions. 
Charge  trapping  information  from  a  saturation  condition  would  be 
misleading  to  device  designers. 
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Figure  4-6.  Voltage  shift  versus  BOX  thickness  for  VbqI+BxIO® 
V/cm  at  IMracKSiOj)  . 


Even  though  the  higher  bias  is  a  non-typical  device  electric 
field  across  the  BOX,  we  investigated  this  saturation  bias  to 
gain  insight  into  the  BOX  charge  trapping  mechanisms.  Similar  to 
above,  selected  dual  C-V  structures  were  repeated  using  Vbg:+5x10^ 
V/cm  lMrad(Si02)  .  From  these  results  an  oxide  charge  centroid 
versus  thickness  relationship  was  obtained.  Figure  4-7  shows  the 
centroid  location  and  magnitude  for  the  three  selected 
thicknesses .  Note  that  in  saturation  the  thicker  the  oxide  the 
more  charge  is  trapped  in  the  BOX. 

The  charge  to  thickness  relationship  for  this  saturation 
condition  is  shown  in  Figure  4-8.  Note  the  sub-linear 
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Figure  4-7.  The  centroid  magnitude  and  location  for  three 
different  thicknesses.  The  radiation  was  performed 
for  Vbq:+5x10®  V/cm  at  IMradCSiOj)  . 


relationship,  which  differs  from  that  expected  for  a  thermal 
oxide  (a  power  of  unity) .  It  is  known  that  SIMOX,  due  to  the 
oxygen  implantation  process  used  to  form  the  buried  oxide,  has 
bulk  oxide  trapping  [21]  ;  whereas,  thermal  oxides  only  have 
charge  trapped  at  the  Si-SiOj  interface  [1]  .  It  would  also  be 
expected  that  the  BOX  charge  centroid  and  magnitude  might  vary 
with  thickness,  due  to  the  different  levels  of  implant  damage 
caused  by  the  varying  oxygen  implant  energies  needed  to  form  the 
various  BOX  thicknesses .  An  etch-back  experiment  would  be 
necessary  to  obtain  a  detailed  charge  to  thickness  relationship 
needed  to  explain  the  above  saturation  scjuare  law  behavior.  At 
this  point  we  present  the  above  charge  to  thickness  relationship 
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Figure  4-8.  BOX  trapped  charge  vs  BOX  thickness  under 
saturation  bias  condition  (Vbg:+5x10®  V/cm, 
IMrad  (SiOj)  . 


as  an  observational  finding,  and  note  that  when  the  BOX  is  biased 
in  saturation  the  square  law  dependence  is  observed. 

To  complete  the  bias  range,  other  biases  were  also  evaluated. 
Figure  4-9  shows  voltage  shift  data  versus  BOX  thickness  for 
biases  ranging  from  -5x10®  V/cm  to  5x10®  V/cm.  The  negative 
biases  show  very  little  thickness  dependence.  From  ground  to 
1x10®  v/cm  the  inflection  point  is  observed.  Note  the  slope  of 
the  inflection  point  migrates  into  the  square-law  dependence  as 
the  applied  bias  during  irradiation  increases.  This  behavior  is 
attributed  to  the  centroid  magnitude  and  location,  which  is  now 
known  to  be  influenced  by  the  applied  bias  during  irradiation  and 
the  BOX  thickness. 
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-9.  A  group  plot  of  voltage  shift  versus  BOX  thickness 
for  various  biases . 
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The  main  observation  of  this  work  is  the  appearance  of  an 
inflection  point  in  the  voltage  shift  versus  BOX  thickness 
relation  for  bias  and  radiation  conditions  typical  of  real 
applications.  This  inflection  point  is  observed  to  appear  at 
biases  of  ground  and  migrate  into  the  square -law  dependence  at 
biases  greater  than  Vbg:+5x10®  V/cm.  The  inflection  point  can  be 
removed  by  allowing  the  BOX  to  saturate  in  radiation  induced 
charge  buildup. 

The  results  for  the  non- saturation  condition  can  also  be 
explained  by  considering  the  influence  of  the  applied  electric 
field  during  irradiation  on  the  motion  of  the  radiation  induced 
holes  versus  the  BOX  thickness.  The  applied  electric  field 
(Vbq; positive)  in  this  experiment  causes  the  radiation  induced 
holes  to  drift  toward  the  top  interface  (simulating  the  pass-gate 
(source  and  drain  "high")  fringing  field  effect) .  For  thin  BOX 
material  (<100nm)  all  the  radiation  induced  holes  are  swept  to 
the  top  interface.  In  the  medium  to  thick  BOX  material  only  a 
fraction  of  the  radiation  induced  holes  drift  to  the  top 
interface,  due  to  hole  mobility  limitations.  Increasing  the 
applied  field  during  irradiation  increases  the  fraction  of  mobile 
holes  that  will  make  it  to  the  top  interface  for  the  thicker 
material,  thus  removing  the  inflection  point  in  the  thickness 
relationship . 

Thus,  the  observed  inflection  point  is  a  phenomena  of 
non- saturation,  and  results  from  the  radiation  induced  holes  in 
the  BOX  not  being  able  to  move  the  greater  distances  required  by 
the  thicker  BOX  structures .  When  the  BOX  is  biased  into 
saturation  during  irradiation,  the  holes  drift  as  far  as  they  can 
go  under  the  influence  of  the  applied  electric  field  and  avoid 
recombination . 

The  importance  of  this  work  is  in  the  comparison  of  SIMOX 
material  as  technology  moves  from  the  standard  thick  BOX  material 
(>340nm)  to  the  thinner  BOX  material  (<100nm,  possibly  fully 
depleted) .  Having  an  understanding  of  the  charge  trapping  to 
thickness  relationship  will  help  in  determining  material 
improvements,  and  aid  device  designers  to  predict  circuit 
response . 

4.2  BURIED-OXIDE  ELECTRON  TRAPPING  RESPONSE. 

From  the  photo- inject ion  current  vs.  voltage  curves  (not  shown 
here) ,  the  total  bulk  electron  trapped  charge  and  an  electron 
charge  centroid  can  be  determined  [10,12,23].  In  contrast  to  the 
C-V  measurements,  the  photo  I-V  obtains  information  from  both 
interfaces,  and  thus  the  total  bulk  trapped  charge  per  area  is 

Qt  =  (  Ebox  /  Tbox  )  *  (  AV,  +  AV.  )  , 
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where  egcx  is  the  permittivity  of  the  oxide,  the  BOX  thickness, 
AV^  is  the  voltage  shift  when  injection  occurs  from  the  BOX/Si 
interface,  and  AV.  is  the  voltage  shift  when  injection  occurs  from 
the  Al/BOX  interface.  The  total  number  of  occupied  traps  per 
area  is 

Nt  =  Qx/ g , 

where  q  is  the  electron  charge,  and  the  position  x  of  the  charge 
centroid  from  the  Al/BOX  interface  is 

X  =  Tbox  /  (1-  AV.  /  AV,  )  . 

In  addition,  from  the  data  in  Figure  3-4,  the  electron  capture 
cross  sections  can  be  determined  [24] .  The  results  of  the  above 
calculations  are  summarized  in  Table  4-1  for  the  materials 
provided  by  vendors  A  and  B. 

What  can  clearly  be  observed  from  Table  I  is  that  the  HITOX 
process,  when  compared  to  the  corresponding  control,  has  a  larger 
total  number  of  occupied  traps .  This  is  in  agreement  with  the 
increased  electron  trapping  observed  in  Figure  3-4.  No 
significant  difference  is  observed  in  the  centroid  location. 
Also,  no  difference  is  observed  in  the  electron  trap  capture 
cross  sections  between  HITOX  and  control  samples.  Thus,  the 
trap  capture  cross  section  can  not  account  for  the  increase  in 
electron  trapping  levels.  Both  the  control  and  HITOX  structures 
had  the  same  three  electron  trap  capture  cross  sections:  2xl0‘“ 
cm^,  5x10"^’  cm^,  and  IxlO"^’  cm^  (approx,  values)  .  The  two  larger 
capture  cross  sections  are  associated  with  electron  trapping  at 
amorphous  silicon  clusters  (the  BOX  is  considered  to  be  silicon 
rich) ,  and  the  smallest  cross  section  is  associated  with  network 
defects  within  the  BOX  [25]  . 
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Table  4-1. 


Listed  are  the  total  occupied  charge  (electron 
traps) ,  the  charge  centroid,  and  the  determined 
electron  capture  cross  sections  for  the  SIMOX 
standard  and  HITOX  structures. 


Vendor  Process  Trap  Centroid  Cross 

Density  Section 


1/cm  %  down  cm 


A 

C 

11 

-3.1x10 

50% 

-14 

1x10 

-17 
7x10  . 

-17 

1x10 

A 

HITOX 

-9.4xl0“ 

43% 

-14 

4x10  . 

5xl0”^^, 

-17 

1x10 

B 

C 

-1.2x10^^ 

39% 

-14 

3x10 

7xl0"^^ 

-17 

2x10 

B 

HITOX 

-1.6x10^^ 

42% 

-14 

3x10 

9xl0"^^ 

-17 

3x10 
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SECTION  5 
CONCLUSIONS 


5.1  NOTEWORTHY  RESULTS. 

This  work  has  compared  the  radiation  induced  charge  trapping 
response  versus  buried  oxide  thickness  on  various  SIMOX  buried 
oxides .  It  has  been  observed  that  medium  to  thin  BOX  material 
{<180nm)  deviates  from  the  square- law  dependence  for  conditions 
typical  in  actual  applications.  Increasing  the  applied  field 
(>=5x10®  V/cm) ,  or  allowing  the  BOX  to  charge  saturate  during 
ionizing  irradiation,  returns  the  relationship  to  the  square-law 
dependence.  These  observations  are  explained  by  the  influence 
the  applied  electric  field  has  during  irradiation  on  the  motion 
of  radiation  induced  holes  within  the  BOX.  The  observed 
inflection  point  was  explained  by  the  location  and  magnitude  of 
the  radiation  induced  BOX  charge  centroid  and  its  relationship  to 
BOX  thickness . 

In  addition,  this  work  has  shown  that  the  HITOX  process  causes  an 
increase  in  the  electron  trapping  for  a  SIMOX  buried  oxide.  The 
increase  can  not  be  accounted  for  by  changes  in  electron  trap 
capture  cross  sections,  nor  by  the  influence  of  interface 
effects.  Since  these  device  electrical  observables  do  not 
explain  the  HITOX' s  increase  in  net  electron  trapping,  then  the 
cause  is  likely  an  increase  in  trap  generation  resulting  from  the 
kinetics  of  the  HITOX/BOX  growth.  Thus,  the  observed  difference 
must  be  associated  with  the  HITOX' s  process  influence  on  the 
formation  of  HITOX/BOX  oxide. 

5.2  SUGGESTIONS  FOR  FUTURE  INVESTIGATIONS. 

The  work  in  the  above  effort  dealt  with  typical  device 
application  electric  fields  across  the  buried  oxide  (low  fields) . 
A  possible  suggestion  for  future  experiments  would  be  to 
investigate  the  saturation  (high  fields)  total  buried  oxide 
trapped  charge  (top  &  bottom  interface  shifts)  for  various 
technologies  (thin,  thick,  post -oxygen  treated) .  The  purpose 
would  be  to  evaluate  how  the  various  technologies  behave.  Do 
thinner  buried  oxides  (50nm  -  200nm)  trap  more  or  less  overall 
charge  than  thick  (340nm  -  400nm)  buried  oxides?  The  concern 
would  be  for  a  thin  fully  depleted  technology  where  vertical 
charge  control  is  important.  For  this  thinner  technology  charge 
buildup  at  the  lower  (bottom,  SiOj/substrate)  interface  can  be 
detrimental  to  the  charge  control  of  the  device  building  top 
silicon  film  above.  For  the  SIMOX  technology  to  be  of  value  in 
low  power  application,  this  charge  control  concern  will  be  of 
importance . 
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